BACKGROUND
Physical examination (PE) is an essential aspect of the patientphysician encounter. PE provides information that is critical to accurate diagnosis and can potentially save costs through decreased testing. [1] [2] [3] [4] However, published reports have lamented the inadequacy of the PE skills of practicing clinicians, [5] [6] [7] and the use of advanced diagnostic tests continues to rise on an annual basis. 8 Although training in PE is a core element of undergraduate medical education (UME), it is irregularly taught in graduate medical education (GME). Despite decades of pleas to reprioritize PE, 9 GME training in aspects of PE is underemphasized whenever formally assessed. [10] [11] [12] [13] [14] Furthermore, residents' examination skills in many contexts, including cardiovascular, pulmonary, breast, rheumatologic, and genitourinary systems, among others, [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] are suboptimal. Deficiencies in PE skills are not limited to the performance of examination maneuvers or the identification of abnormalities. Residents struggle to understand the significance of PE findings, 35, 36 tend to have low self-confidence in their PE skills, 37 and may spend only a short time actually performing a PE. 38 Undergoing residency training in itself cannot be expected to resolve these deficiencies. 39 Thus, there is a growing consensus that PE education in GME must be improved. [40] [41] [42] Reflecting this, new competency-based milestones for internal medicine require that residents accurately perform PE, track important changes, and identify findings that influence clinical decision making. 43 It is not known what educational strategies will succeed in providing the skills needed by soon-to-be practicing physicians. Deliberate practice is an educational strategy that is known to be an effective means of achieving expertise 44 and has been shown to be effective in teaching clinical skills in medical education. [45] [46] [47] In this method of training, the learner repetitively practices skills and un-dergoes assessment with feedback, resulting in observed improvement of skill performance. 44, 45 Deliberate practice would seem to be an ideal means of teaching PE, but this has not yet been systematically examined.
PE teaching methods used in GME are best studied, understood, and optimized separately from UME because the educational context of resident physicians is unique. Residents have little protected time to attend didactics, are focused on experiential learning in the course of their patient care responsibilities, work long hours, and are under constant pressure to adhere to duty hour requirements.
There are few previously published reviews synthesizing the literature on best practices on teaching PE, in particular with regard to GME. A recent non-systematic literature review of models for teaching PE did not investigate the efficacy of these, but offered potential themes for further investigation. 48 A recent systematic review of the efficacy of simulation based medical education (SBME) to teach cardiac auscultation found that SBME appears to be an effective instructional approach. 49 A systematic review of musculoskeletal clinical skills teaching found that maximizing engagement and realistic context for learners may be effective. 50 Finally, a systematic review of the efficacy of the use of patients in teaching and assessing intimate examination skills suggested that patient involvement is beneficial, but was also limited in scope in terms of the type of examination investigated. 51 Given the lack of a literature synthesis on effective means of teaching PE in GME, we systematically reviewed the literature to determine which teaching methods are likely to be effective.
METHODS

Literature Search
We searched for all studies regarding PE education in GME published between January 1951 and December 2012. In consultation with a research librarian, we developed a search strategy designed to be as sensitive as possible. Search strings used for PubMed, Elsevier Biomedical and Pharmacological Database (EMBASE) and Education Resources Information Center (ERIC) databases are listed in Figure 1 . Further studies were added based on knowledge of the field by the authors, articles suggested by experts in medical education, review of references from the included papers, and review of PubMed "related articles."
Eligibility Criteria
We used a standard definition of PE skills: "the process of evaluating objective anatomic findings through the use of observation, palpation, percussion, and auscultation. The information obtained must be thoughtfully integrated with the patient's history and pathophysiology." 52 This definition encompasses the PE skills required of clinicians during typical patient encounters, but excludes several domains related to PE separate from our research question, such as studies primarily focused on advanced technologies (such as hand-held ultrasound), procedural skills, or communication skills.
We defined studies of PE education as those which had the intent of improving PE skills. Studies assessing existing skills or attitudes towards PE were excluded. Studies were additionally required to meet seven inclusion criteria: (1) English language; (2) subjects enrolled in GME (studies with multiple levels of learners were eligible if both intervention and control groups included GME subjects and were analyzed separately for educational outcomes); (3) description of the study population, including number of participants and level of training; (4) description of an educational intervention to improve PE skills; (5) assessment of efficacy of the intervention; (6) contemporaneous comparison group, or a historical control group with the same level of training; and (7) report of data analysis (descriptions of outcomes without statistical analysis were not included).
Title and Abstract Review
Retrieved citations were screened by title and abstract review by one of two authors (SM and CLC), to determine if the subject matter of the study was PE education and met inclusion criteria (1) and (2) as listed above. Next, each of these studies was independently reviewed by at least two authors (SM and either CLC or LP) to determine if they met eligibility criteria (3) through (7) listed above. Full text articles were retrieved if necessary to determine eligibility. Conference abstracts were eligible if they met the seven criteria listed above.
Study Review
Studies meeting inclusion criteria were independently reviewed by at least two authors (SM and either CLC or LP). Three quantitative tools were used for assessment of study quality, data extraction, and assessment of use of deliberate practice. To analyze the quality of the studies, we used the medical education research study quality instrument (MERSQI), which has been shown to be associated with study quality. 53 We followed the methods described by the authors of the MERSQI: for each of ten items, each study was scored at the highest possible level. Individual raters' scores were used to determine inter-rater reliability.
For data extraction, we developed a tool based on the Best Evidence Medical Education Collaboration protocol. 54 Extracted data included type of PE, nation where study was performed, amount of teaching time, level and number of learners in intervention and control groups. Educational outcomes were classified using Kirkpatrick's hierarchy 55 
:
Kirkpatrick level 0 (KL0) = no assessment of impact; Kirkpatrick level 1 (KL1) = assessment of reaction; Kirkpatrick level 2a (KL2a) = assessment of attitudes or perceptions; Kirkpatrick level 2b (KL2b) = assessment of knowledge or skills; and Kirkpatrick level 3 (KL3) = assessment of changes in behavior. No studies reached Kirkpatrick level 4. Other than for KL1 (in which a control group is not applicable), outcomes were examined only if compared to the control group. We classified outcomes at each Kirkpatrick level as "X" = not measured, or not compared to a control group; "0" = not better than control group; or "1" = beneficial (intervention group with significantly better outcome than control at p ≤0.05).
We developed a four component rubric to analyze interventions for the use of deliberate practice techniques; there was no existing instrument for this purpose. The rubric was based on previously defined salient elements of deliberate practice, 45, 56 which were modified for use in the rubric. The four elements are: (1) repetitive performance of skills by the learner; (2) assessment of skills by the teacher; (3) specific feedback to the learner by the teacher; and (4) observation of improved performance in a controlled setting. To analyze each paper, we used a two-step process. First, we used the rubric to ascertain the presence of each element: papers were scored for the presence of these by two authors (SM and CLC), where 0= not reported, 1=reported. This step served to help train the authors to recognize the key principles of deliberate practice, determine if they were present, and to standardize our assessments. Although deliberate practice can be broken down into these discrete components for analytical purposes, it is an effective combination of these elements that validates that an intervention is anchored in deliberate practice. Thus, using the first step as background, we then performed a global assessment for the use of deliberate practice and assigned each paper a global deliberate practice score, where: 0=no use of deliberate practice or unable to determine; 1=possible use of deliberate practice; or 2=definite use of deliberate practice.
We determined whether the studies used interaction between human examinees and the learners both for the teaching intervention and in the assessment of educational outcomes. "Learner interaction with human examinees" was defined as direct learner contact with a human as part of the teaching (in contrast to observation of videos, audio recordings, or other electronic methods).
For each of the quantitative scales, disagreements between raters were resolved by discussion to determine final consensus ratings. This review was conducted according to the principles of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement. 57 
Statistical Analysis and Data Synthesis
Inter-rater reliability was determined for the elements of the MERSQI scores, individual elements of deliberate practice and the global deliberate practice score by calculating kappa. We used the consensus mean and median MERSQI scores with standard deviations to describe the overall quality of included studies. We did not perform metaanalysis of effect sizes, given the heterogeneity of outcome measurements; instead, we integrated findings by narrative synthesis by means of group review of tabulated summaries of studies. All analyses were performed in SAS (version 9.2, Cary, NC).
RESULTS
Characteristics of Eligible Studies
Of the 15,790 citations retrieved, 14 studies met inclusion criteria (Fig. 1 ). Thirteen were performed in the United States [58] [59] [60] [61] [62] [63] [64] [65] [66] [67] [68] [69] [70] and one in Denmark. 71 The cardiac examination was most frequently studied, 59, 62, 64, 67, 69, 71 followed by the pelvic examination 61, 65, 68 and the musculoskeletal examination. 58, 70 Four studies include randomization of the intervention. 58, 61, 67, 71 Participants were predominantly internal medicine residents; [58] [59] [60] [61] 63, [65] [66] [67] 69, 70 other participants included family practice residents, 59 ,62 pediatrics residents, 64, 65, 68 and Danish "house officers" of unknown post graduate year. 71 The majority of studies (n=12) made assessments at KL2b (knowledge and skill). 58, 59, [61] [62] [63] [64] [65] [66] [67] [69] [70] [71] Two studies made assessments at KL 3 (changes in behavior).
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Methodological Quality
The mean consensus MERSQI score was 9.0, with a standard deviation of 1.1 and a median score of 9.0, indicating fair overall study quality. Total consensus MERSQI scores for each paper are shown in Table 1 . There was perfect inter-rater agreement [kappa=1.0 (95 % CI= 1.0, 1.0)] for all but two items in the ten point MERSQI scale. These items were "sampling" Table 1 summarizes major features of the curricula. Half of the studies (n=7) used resident interaction with a human e x a m i n e e a s t h e p r i m a r y m e a n s o f t e a c h i n g PE. 58, 60, 61, 63, 65, 68, 69 Four of these studies used actual patients in the clinical context: genital exams in continuity clinic, 65 bedside rounds with internal medicine inpatients, 69 breast exams in a breast care clinic, 60 and pelvic exams in a pediatric clinic. 68 Two of the studies used "teaching associates," in which the examinee is primarily responsible for teaching the learner. Most of the remaining studies (n=7) targeted the cardiac examination, and the primary educational intervention did not include interaction with patients. 59, [62] [63] [64] 67, 70 There was a wide range in the amount of time spent teaching PE. Five studies relied on a single teaching intervention 58, 61, 63, 64, 71 that ranged in length from 3 min 64 to 4 hours. 71 The remaining studies consisted of multiple sessions, 59, 60, 62, [65] [66] [67] [68] [69] [70] ranging from ongoing teaching in an elective 68 to three 45-min sessions.
Features of Curricula
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Use of Deliberate Practice
None of the studies explicitly stated that they used deliberate practice. We scored three studies as utilizing "definite use of deliberate practice," 60, 63, 69 four with "possible use of deliberate practice," 58, 59, 65, 68 and seven with "no use of deliberate practice or unable to determine." 61, 62, 64, 66, 67, 70, 71 There was good inter-rater reliability in our assessment of components of deliberate practice as well as the global deliberate practice score: 
Evaluation Design and Assessment Tools
Only three studies used a previously described assessment tool. These were an arthritis examination checklist using an arthritis educator, 58 a multi-modal cardiac examination test, 59 and a checklist to assess pelvic examination skills. 61 We evaluated each study for the use of human interaction with residents as part of the assessment of the intervention. The majority of studies (n=8) used some form of patient examination and interaction as part of the assessment, even if interaction with a human examinee was not part of the intervention. These assessments used "actual" patient volunteers, 67, 71 patient educators, 58, 61 and objective structured clinical examinations (OSCEs). 63, 66, 69, 70 For studies not using human examination as part of the assessment (n= For studies in which there were non-graduate medical education (GME) participants, only GME participation information is summarized here b
Only outcomes compared to a control group are listed (except for KL1 level assessments). For KL1, 1=positive reaction to the curriculum. For all other Kirkpatrick levels, 1=intervention group with significantly better educational outcome than control group, and 0=intervention group not with significantly better outcome than control group MERSQI medical education research study quality instrument; DP deliberate practice; MSK musculoskeletal; IM Internal Medicine; FM Family Medicine; PE physical examination; OSCE Observed Structured Clinical Examination 6), major assessment modalities included the use of recorded or multimedia assessments, 59 ,62,64 chart reviews, 60, 65 and survey. 68 We categorized studies by the types of assessment used at each Kirkpatrick level. At KL1 63, 66, 70 and KL2a, 59, 65, 66, 68 surveys were the primary means of assessment. Several assessment strategies were used to assess efficacy of curricula at KL2b. 58, 59, [61] [62] [63] [64] [65] [66] [67] [69] [70] [71] At KL3, two studies used chart review to assess for screening for breast cancer 60 and for appropriate documentation of genital anatomy in cases of suspected sexual abuse. 65 
Educational Outcomes
We tabulated studies by the use of deliberate practice, use of human examinees as part of the educational intervention, and efficacy of the intervention at the highest Kirkpatrick level examined ( Table 2 ). The three studies that were rated with definite use of deliberate practice all had beneficial educational outcomes. Of the seven studies with deliberate practice scores of 1 or 2, only one study did not have beneficial educational outcomes. 65 Of seven studies for which there was unclear or no evidence of deliberate practice, three showed favorable educational outcomes.
Of the seven studies that included learner interaction with human examinees as part of the curriculum, only one did not result in beneficial educational outcomes-this was the same study of precepting pediatric genital examinations as noted above. 65 All three studies that assessed reaction (KL1) to their curriculum reported favorable results at this level. For higher Kirkpatrick levels, improved outcomes were seen in multiple types of curricula, but these outcomes were often mixed. For example, precepted pediatric genital examination resulted in increased confidence 65 (KL2a), but no improvement in knowledge (KL2b), self-assessed competence (KL2a) or behavior (KL3). Length of time spent on an educational intervention did not clearly affect whether there were favorable educational outcomes. 66, 68 In fact, single session interventions could be effective.
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COMMENTS
To our knowledge, this is the first systematic review of PE education in GME. In the studies examined, a variety of PE skills were taught, and educational outcomes were assessed using various measures. Therefore, we have limited ability to directly compare educational outcomes between curricula. However, two themes emerge as the most salient for effective PE teaching. First, we propose that the use of deliberate practice may be suited for the effective teaching of PE. Despite the diversity of interventions reviewed for this study, all but one of the interventions rated as having possible or definite use of deliberate practice had significant educational benefit. Interestingly, a single teaching session that is anchored in deliberate practice 63 may be more effective than multiple classroom sessions where deliberate practice is not used. 66 On this basis, we suggest that attention to deliberate practice when designing PE curricula may be of benefit.
Secondly, interaction with human examinees may be useful to residents. Technologically rooted approaches such as simulation and repetitive practice with recordings can be effective in achieving specific learning objectives. However, a practitioner must ultimately be facile with the identification and interpretation of findings in the actual clinical context. For example, it is not surprising that learning the cardiac examination with simulation and audio recordings does not necessarily result in the translation of these skills to the clinical context. 67 We agree that simulation has an important place in PE education, particularly in the context of repetition and pattern recognition. Nevertheless, we submit that interaction with human examinees during PE teaching is more likely to improve the actual practice of PE at the bedside.
We cannot conclude that one PE teaching method is superior to another. This finding should strike a cautionary note. While medical educators may be inclined to take advantage of current technologically rooted trends to teach PE, such as high-fidelity simulation, we found little convincing evidence in the GME literature that simulation will be more effective in teaching PE than other techniques. 67 Similarly, while it is tempting for educators to advocate for "going back to bedside" as the solution for how to improve residents' sub-optimal PE skills, it is not obvious that simply spending more time with patients will result in better trained residents. 65 Our study has several limitations. First, the initial title and abstract screen was performed by a single author, and was limited to the three databases that were felt to be the highest yielding on this topic: PubMed, ERIC and EMBASE. The quality of the included studies based on the MERSQI score was lower than average; 53 this is a limitation of work in the field rather than our review. We used a non-validated means of assessing studies for the use of deliberate practice because no other instrument was available; however, we had good interrater reliability with our assessment, and consensus was reached between authors for all conclusions regarding deliberate practice. In terms of the educational outcomes, we did not calculate or meta-analyze effect sizes. Given the heterogeneity of assessment modalities, we do not believe that this type of analysis is of practical utility to medical educators. Rather, we used dichotomized summaries of whether the intervention was effective at each Kirkpatrick level studied. This method of literature synthesis ("vote-counting") is known to be susceptible to bias due to under-consideration of study features; 72 nevertheless, we feel that this was a useful tool for our exploratory analysis given the small number of studies that met eligibility criteria. Furthermore, our results may be subject to publication bias, as unsuccessful studies of interventions to improve PE skills may go unpublished. We attempted to minimize this possibility by searching multiple databases, including ERIC and EMBASE, which include conference proceedings and other "grey literature." Finally, we did not evaluate studies on the basis of their incorporation of aspects of diagnostic accuracy; the hypothesis-driven PE, which requires that practitioners use clinical reasoning to forecast, elicit, and make sense of PE findings, is a critical approach that residents must develop. 73 Despite these limitations, we can make several recommendations for ongoing work in GME PE education. First, we recommend that the two approaches that we have suggestedthe use of deliberate practice and of human examinees-be subjected to rigorous evaluation. Secondly, this review highlights the fact that the optimal methods of teaching PE in GME remain unknown-we encourage greater use of true randomized, controlled study designs in future work. Finally, and most ambitiously, we recommend the development of a national GME blueprint outlining competence in PE for practicing physicians in every specialty. The heterogeneity in assessment modalities, inconsistency in Kirkpatrick levels assessed and highly variable definitions of what competence entails make it evident that there is no consensus on how competence in various realms of PE may be manifested or how to best measure it. The ACGME internal medicine milestones for competency in PE also support the need for such a blueprint. 43 A comprehensive blueprint detailing which PE skills graduating residents should have, what competence in these skills entails, and how this is best taught and evaluated is a necessity. Our study begins to address the last of these domains. A PE competency blueprint will permit standardized assessments of PE competency across institutions, will allow for meaningful comparison of PE educational interventions, and will highlight the integral role of PE in physicianship. 
